A nutritional survey based on twelve adolescent male Kalenjin runners in Kenya during a 2-week field study was carried out in order to determine the composition of their diet and make a comparison with macronutrient recommendations for athletes. Food samples were collected for analysis of macronutrient distribution and energy content from main meals and the macronutrient distribution and energy content of additional food intake were based on the information of a 24 h recall interview and estimated from food tables. The diet of the Kalenjin runners was very high in carbohydrate (71 % 8·7 g/kg body weight per d) and very low in fat (15 %). Intake of total protein (13 %; 1·6 g/kg body weight per d) was above the daily intake recommended by the Food and Agriculture Organization/World Health Organization/United Nations University (FAO/WHO/UNU), while essential amino acid intake was estimated to be in the borderline-to-low range based on FAO/WHO/UNU recommendations for children , 12 years and adults. The energy intake was mainly derived from vegetable sources (90 %) with maize and kidney beans as the staple food (81 %). The diet of the Kalenjin runners met recommendations for endurance athletes for total protein and most essential amino acid intake as well as carbohydrate intake even though it was based on a small range of food items.
The Kenyan success in middle-and long-distance running, especially among male athletes, has been one of the most astonishing features of international athletics since the mid-1960s. Training and competing at the elite level in the middle and long distances requires an optimal functioning of the body, which relies on a nutritionally adequate diet providing sufficient energy as well as an adequate content of macronutrients. The literature provides much evidence of the advantage of a high carbohydrate intake ranging from 60 % to more than 70 % (Sherman, 1983; Costill, 1985; Devlin & Williams, 1991) . However, there is disagreement concerning the amount of protein intake necessary for an endurance athlete. Several studies (Henderson et al. 1985; Friedman & Lemon, 1989; Meridith et al. 1989) but not all (Hood & Terjung, 1987) using amino acid oxidation, N balance or metabolic tracer methodology indicate an enhanced protein need greater than the 0·8 g/kg body weight per d recommended by the Food and Agriculture Organization/World Health Organization/ United Nations University (1985) . Several diet studies have been carried out in Kenya over the past 75 years, but except for one they have all dealt with non-athletic dietary intake such as diet and health in the general population (Wadsworth, 1960; Korte & Simmons, 1972; Kulin et al. 1982) . Malnutrition among Kenyan children was significant (Government of Kenya, 1980) , and has recently been verified by Ngare & Muttunga (1999) .
Diet has not been comprehensively studied in connection with Kenyan runners. Only Mukeshi & Thairu (1993) have included elite Kenyan long-distance runners in a diet study. They evaluated food intake 2 d per month over a 3-month period based on questionnaires. The results may not be representative of a 'usual' diet intake as the authors claim. This is indicated by the fact that daily energy intake was measured to be only 9790 kJ for male runners, which hardly leaves any room for endurance training at the elite level.
An interesting aspect of Kenyan middle-and longdistance running is that most of the talent originates from the western part of Kenya in the Great Rift Valley area (Naibei, 1989) . More specifically, successful athletes have emerged from eight ethnic sub-groups of Nilotic descent called Kipsigis, Nandi, Terik, Marakwet, Keiyo, Tugen, Sabaot and Pokot, respectively, regarded as one ethnic group called Kalenjin (Kipkorir, 1985) .
The purpose of the present study was to investigate the dietary intake of male adolescent Kalenjin middle-and long-distance runners and make a comparison with macronutrient recommendations for endurance athletes. The study included the collection and analysis of food samples representative of the diet of the Kalenjin runners, which cannot be found in completeness in food tables. Furthermore, the present study estimated the energy expenditure of the adolescent runners based on their training and physical activity in general, and special care was taken to thoroughly estimate energy intake by also including 24 h recall interviews.
Methods

Subjects
Twelve representative athletes were chosen by lot as subjects for the present study, all of them Kalenjins. As for the Kalenjin sub-groups, eight were Marakwet, three were Keiyo and one was Sabaot. All subjects were students at Marakwet Secondary School and all were competitive middle-and long-distance runners on the school's athletics team, which at the time of the study consisted of twentyfive athletes, all of them runners. As a group they were regarded as some of the best runners at regional level based on their personal-best performances from the 800 m to 8 km cross-country. Marakwet Secondary School is a boarding school situated approximately 2600 m above sea level in the Marakwet district (Cappon, 1985) . Furthermore, all subjects spoke Kiswahili and dialects of Kalenjin as well as some English. A local Kenyan interpreted the necessary information in case of insufficiency in English by the subjects.
The subjects had an average age of 17·1 (range 15 -20) years. Their anthropometric data are presented in Table 1 .
Protocol
The dietary intake of the subjects was measured daily for 2 weeks in the month of May during the rainy season. Later visits by one of the authors to Marakwet Secondary School showed that 2 weeks of food measurement was representative of the student-athletes' meal pattern. Food items from every meal including breakfast, morning coffee, lunch and dinner were collected for analysis. In addition, 24 h recall interviews were carried out every morning according to the method used by Wiehl (1942) to account for food consumed between meals and to check the reliability of the information given by the subjects from the 24 h recall interviews. The estimated dietary intake according to the 24 h recall interviews was consistent with the actual measurements of the food intake. This is in agreement with other studies carried out on subjects who consumed a limited number of food items and have a standard meal pattern like the Kalenjin (Cerqueira et al. 1979; van Steenbergen et al. 1984) .
The 24 h recall interviews were also carried out in order to estimate the daily physical activity level (PAL) of the Kalenjin runners. In this respect the runners were asked to specify daily quantity as well as quality of running, stretching exercises, strength training as well as additional sports, i.e. ball games performed outside the daily training schedule. Furthermore, they were asked to estimate the amount of time spent sitting and standing. Time spent resting was calculated by subtracting the hours spent on activities including sitting and standing from 24 h.
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The meal and training routines of the subjects at Marakwet Secondary School all followed a daily standard schedule. Meals were served at 6.30 hours (breakfast), 11.00 hours (morning coffee), 12.45 hours (lunch) and 18.15 hours (dinner). Organized training was done twice a day, before breakfast (distance run of 6 km) and before dinner (distance run or interval training of 4·0 km), including gymnastic exercises and stretching following both training sessions. Immediately after finishing classes the subjects would be engaged in different ball games.
Dietary calculations of nutrient intake for each individual were based on analysis after weighing all meals of the subjects within 1 g of accuracy on an Ohaus LS-2000 Portable Standard (Ohaus Corp., Pine Brook, NJ, USA).
Food analysis
All foods were analysed at Uppsala University, Sweden except for meat, oranges and soft drinks. Dietary calculations of the latter three items were based on food composition tables (West et al. 1988) . Analysis of cabbage and kale was done on raw samples and not from the prepared form in which they were consumed. The physical combustion value of all foods was measured in a Parr bomb calorimeter (Parr Instrument Company, Moline, IL, USA) for energy. The percentage energy distribution of the macronutrients was derived from the Atwater energy factors (Merrill & Watt, 1973) . Total protein was calculated from analysis of N by the Kjeldahl titration method (Kjeltec Auto 1030 Analyzer; Foss Tecator, Foss North America, Inc., Eden Prairie, MN, USA), the N factor being 6·25 for all samples except for milk, which was calculated based on an N factor of 6·38 (Jones, 1941) . Fat was measured by petroleumeter extraction according to the Soxhlet method, and carbohydrate was calculated 'by difference', i.e. a sample extracting water, protein, fat and ash. Essential amino acids were measured after hydrolysis in HCl using an automatic amino acid analyser (LKB 4151 Alpha Plus Amino Acid Analyzer; Pharmacia -LKB Biochrom Ltd, Cambridge, UK). All analyses were carried out in duplicate. All values presented in the text are given as mean and SE unless otherwise stated.
Results
Based on 24 h recall interviews the subjects ran an average of 10 km/d. Other physical activities throughout the day, for example, ball games, strength training, gymnastics, stretching, amounted to 21 % of PAL, derived according to the recommended daily allowance (RDA) (physical activity factor/physical activity rate) of the Nordic countries (Sandström et al. 1996) . In total, this resulted in a PAL of 2·0 (SE 0·1) ( Table 2 ).
The mean energy expenditure using another definition of PAL (total energy expenditure/BMR) (Black et al. 1996) should then be 13 186 (SE 274) kJ/d (range 11 551-14 944 kJ/d), which could be compared with the daily total energy intake of the subjects based on the assessment of dietary intake, 13 210 (SE 283) kJ/d (range 11 860-14 648 kJ/d). The calculated delta value (energy intake/ energy expenditure) turned out to be 1·0 (SD 0·1) (range 0·79 -1·21).
The staple foods of the Kalenjin runners were maize and kidney beans, both being served every day. They were consumed as ugali (a thick maize porridge), uji (a thin, fermented maize porridge) and githeri (maize and kidney beans cooked together). Other foods and drinks being consumed on a daily basis were cabbage and curly kale (both cooked), coffee (with milk) and milk (fermented).
The subjects consumed 11 763 (SE 302) kJ/d (range 9857-13 387 kJ/d) based on vegetable sources, being a total of 90 (SE 0·6) % of the energy intake. The staple foods maize and kidney beans alone made up 81 (SE 0·7) % of the total energy intake or 10 833 (SE 303) kJ/d (range 8922-12 451 kJ/d). As for the different values of the macronutrients, carbohydrate intake was 476 (SE 11·7) g, of which 462 (SE 11·4) g (97 %) came from vegetable sources and 445 (SE 11·7) g (93 %) from maize and kidney beans. The total intake of fat was 45·2 (SE 1·0) g with 29·8 (SE 0·8) g (65 %) derived from vegetable foods, of which 26·9 (SE 0·8) g (60 %) came from maize and kidney beans. Total protein intake was 88 (SE 1·8) g comprising 75 (SE 2·0) g (85 %) from vegetable sources and 64 (SE 2·0) g (74 %) from maize and kidney beans, as meat (beef) was served only twice a week totalling 177 (SE 17·2) g/week. The distribution of major food sources expressed as a percentage of daily energy intake is presented in Table 3 . The percentage energy distribution of the macronutrients was 71 (SE 0·5) for carbohydrate, 15 (SE 0·3) for fat and 13 (SE 0·1) for protein. The daily carbohydrate intake was 8·7 (SE 0·4) g/kg body weight. For protein the daily intake was 1·6 (SE 0·1) g/kg body weight.
The essential amino acid intake was 25·2 g/d or 29 % of total daily protein intake. Essential amino acid intake of the subjects met the requirements for adults made by the Food and Agriculture Organization/World Health Organization/ United Nations University (1985) except for isoleucine and histidine. Whether methionine+cystine and tryptophan intake met the requirements could not be determined, as cystine and tryptophan were not analysed. The RDA of the Food and Agriculture Organization/World Health Authority/United Nations University (1985) for essential amino acids for adults are presented in Table 4 .
Mean daily dietary fibre was 45·1 (SE 1·0) g (range 37·9-50·2 g) or 2·9 (SD 0·2) g/MJ (range 2·6-3·3 g/MJ) as estimated from food tables (West et al. 1988 ).
Discussion
The intake of total protein was well above the RDA of the Food and Agriculture Organization/World Health Organization/United Nations University (1985) , and the intake of most essential amino acids also met the RDA of the Food and Agriculture Organization/World Health Organization/United Nations University (1985) for adults. Two factors are important when considering the intake of total protein and essential amino acids: (a) the maize in Kenya is a hybrid as it has been 'mixed' with a maize from Ecuador in order to enhance the protein content (S Kimobwa, personal communication); (b) the kidney beans are high in protein and essential amino acid content.
The question of dietary protein needs of endurance athletes has been extensively studied over the past three decades. It has been known for many years that a low daily energy intake requires an elevated protein intake (Munro, 1951; Walberg et al. 1988) . The Kalenjin subjects did, however, get an adequate amount of energy, which is indicated by the fact that their body weight on average only changed slightly over the 2-week period during which the present study took place. The validity of this balance is indicated by the calculated mean energy turnover based on the physical activity records of the subjects using relevant PAL-factors and the actual assessment of their dietary intake. However, there were discrepancies at the individual level showing that some of the subjects either under-or overestimated their daily physical activities and thus their energy expenditure. Wolfe et al. (1984) showed that there was no effect from aerobic exercise on protein metabolism as total N excretion, urea excretion and isotopically determined urea production were not stimulated by aerobic activity, which indicates a lack of increased amino acid oxidation during or after exercise. This finding has recently been verified in 24 h balance studies under rigorous control of energy balance by Forslund et al. (1999) , who showed that an increased energy turnover after aerobic exercise was not due to either increased rates of urea production and/or protein synthesis.
Other studies have indicated that urea and total N excretion did increase during and after exercise (Calles-Escandon et al. 1984; Lemon et al. 1997) . However, they were only performed during shorter time periods and not under strict energy balance control. The total protein intake of 1·6 g/kg per d of the Kalenjin runners was higher than the amount suggested by studies that investigated the effect of aerobic training on protein oxidation and protein requirements (Gontzea et al. 1974; Tarnopolsky et al. 1988; Friedman & Lemon, 1989; Meridith et al. 1989) . This indicates that the total protein intake of the Kalenjin runners was more than sufficient to cover their needs. Very few studies have been done on essential amino acid intake of healthy adolescents (for example, Cerqueira et al. 1979; Motil et al. 1981) , and the Food and Agriculture Organization/World Health Organization/United Nations University (1985) essential amino acid requirements only present an estimate for different age groups of children up to 12 years of age as well as adults. As the subjects of the present study were in the age range of 15 -20 years, they can hardly be expected to have the same need for essential amino acids as younger children, who grow at a faster rate (Sinclair, 1985) . It is therefore more appropriate to make a comparison with the adult requirements even though the adolescent subjects of the present investigation had higher needs as they were still growing. The present study group is therefore thought to have a borderline-to-low essential amino acid intake.
The very low fat intake of the Kalenjin subjects could compromise intramuscular triacyglycerol storage (Kiens et al. 1987) , which may affect running performances among long-distance runners as muscular triacylglycerol lipolysis has been shown to be stimulated only at higher exercise intensities (Romijn et al. 1993) . However, since the subjects of the present study covered only 10 km of running at high intensity/d, intramuscular triacylglycerol stores do not seem to play an important role in the performance of this group. For fat intake as such, it is still unresolved whether or not there is a minimum metabolic requirement of dietary fat, beyond the requirements of essential fatty acids and fat-soluble vitamins, the effects on energy density and an adequate total energy intake (Koletzko, 1999) .
The carbohydrate intake of the Kalenjin runners was 71 % above the recommended 60 to more than 70 % of total energy intake necessary for optimal glycogen replenishment and performance (Sherman, 1983; Costill, 1985; Devlin & Williams, 1991) . However, perhaps more important is the carbohydrate intake in relation to body weight, which was very high in the Kalenjin subjects. The average intake of 8·7 g/kg body weight per d is well above the value of 6-7 g carbohydrate/kg body weight per d thought necessary for replenishment of muscle glycogen after an hour's daily training at 75 % VO 2max (Pascoe et al. 1990) . Even though there was a shorter exercise duration in the present study, the intensity was probably higher than 75 % VO 2max (Saltin et al. 1995) , which elicits glycogen depletion to the same extent as exercise of longer duration and lower intensity.
Another factor that suggests an adequate replenishment of muscle glycogen among the Kalenjin subjects is the fact that they consumed a main meal immediately after finishing both of their daily training sessions. This indicates very good conditions for muscle glycogen replenishment as there is a higher rate of muscle glycogen resynthesis immediately after exercise compared with several hours after exercise (Price et al. 1994) .
The total dietary fibre content (45 g or 2·9 g/MJ) of the daily food intake of the adolescent Kalenjin runners was above the RDA of the Nordic countries (25 -35 g) in absolute values but met the RDA (3 g/MJ) for the relative values (Sandström et al. 1996) . Furthermore, we have not been able to determine the distribution between soluble and insoluble dietary fibre content. Therefore, we assume that the dietary fibre content in the food intake of the Kalenjin subjects most probably did not compromise carbohydrate uptake and absorption to any significant extent.
The diet of the Kalenjin runners came mainly from vegetable sources and consisted of a small range of food items, which seems to be common among endurance athletes in low-income countries (Cerqueira et al. 1979; Mukeshi & Thairu, 1993) . The small amount of meat consumed on a weekly basis was due to the relatively high value of cattle and other domestic animals among the Kalenjin. Even though the diet of the Kalenjin runners was mainly vegetarian, there was no sign of malnourishment at macronutrient level. The diet of the Kalenjin runners was strikingly similar to the food intakes of the Mexican Tarahumaras, an indigenous people living approximately 2000 m above sea level and well-known for their exceptional endurance capacity in distance running (Cerqueira et al. 1979) . In both groups the staple food items were maize and beans and intake of meat was very modest. Approximately 90 % of the food intake came from vegetable sources in both groups. The similarity in diet intakes was also reflected in the distribution of the energy intake: carbohydrate 71 and 78 %; fat 15 and 9 %; as well as protein 15 and 13 % for the Kalenjins and Tarahumaras, respectively.
When the dietary intakes of the Kalenjin subjects and distance runners of industrialized countries are compared, marked differences can be observed. The average intake of carbohydrates among elite distance runners in Australia, the United States and the Netherlands as a percentage of daily intake were 52, 49, and 50, respectively (Grandjean, 1989; van Erp-Baart et al. 1989; Burke et al. 1991) , compared with 71 % among the Kalenjin runners. The average fat consumption was 32 % for the Australian and 34 % for both the American and Dutch runners compared with only 15 % for the Kalenjin subjects. The same differences in carbohydrate and fat intakes as compared with the Kalenjin runners can be found among distance runners who live in South Africa (Peters & Goetzsche, 1997) . The reason for the considerable differences in carbohydrate and fat intakes among the Kalenjin runners and runners from industrialized countries likely to be found in the availability of food items. Where the runners from the industrialized countries and South Africa have a great variety of food items to choose between, the Kalenjin runners have only a small selection of food items available to them.
The question remains whether the macronutrient dietary profile of the adolescent Kalenjin runners can explain, at least to some extent, their excellent athletic performances. There is no evidence to support the notion that the intake of macronutrients per se can explain the outstanding performances of the Kalenjin runners. Their dietary intake does live up to recommendations for endurance athletes except for some of the essential amino acid intakes, and the deficit of the latter could be a limiting factor when it comes to performance; consequently there may be room for improvement. However, it is also possible that a physiological adaptation to low essential amino acid intakes has taken place, in which a high protein turnover has resulted in an enhanced re-utilization of essential amino acids.
In conclusion, the total protein intake was well above the values recommended for endurance athletes, and essential amino acid intake was regarded as being in the borderline-to-low category. Furthermore, the high carbohydrate intake of the Kalenjin subjects was above the amount thought necessary for replenishment of muscle glycogen. Thus, a diet primarily based on vegetable sources and a small range of food items showed the ability to provide sufficient macronutrient intake for endurance athletes maybe with the exception of some essential amino acids.
